Introduction
One of the main indicators characterizing the properties of "a pile-soil environment" system is load-bearing capacity, i.e., property of the pile to resist external load in the absence of further punching. In design practice to determine the load-bearing capacity various methods based on the use of test and experimental data are applied in the deterministic setting. Estimates of load-bearing capacity are made Ivanova T.V., Albert I.U., Kaufman B.D., Shulman S.G. The load-bearing capacity of hanging piles by the strength criterion of a pile or soil material. Magazine of Civil Engineering. 2016. No. 7. Pp. 3-12. doi: 10.5862/MCE.67.1 using a number of empirical coefficients input into the calculations to consider the working conditions of the pile, immersion techniques, the strength characteristics of the pile material, the pile grillage structure [1-4, 9, 10, 15, 17, 22, 26, 29] . Some examples of such assessments, based on the static probing results, are set out in [27, 28] .The significant scatter of input data can dramatically affect the results obtained, which can be refined by methods described below.
An actual task is to develop new approaches to assessment of foundations load-bearing capacity. The combined method providing the optimal assessment according to the given examples is developed in the article.
Some features of the proposed methods are in the probability and possibility theories application to account uncertainty or incompleteness of initial data in quantifying the reliability of a pile.
In the works of other authors on this subject [2-4, 9, 10, 26] there is no possibility of taking into account the incompleteness and uncertainty of initial data when assessing the load-bearing capacity of a pile. In this paper this problem is solved by applying the theory of probability and possibility theory to take account of uncertainty or incompleteness of initial data in quantifying the reliability of a pile.
Methods
A condition providing the required load-bearing capacity of a pile by the method of limit states is expressed in the form of inequality: Obviously, the result of substituting in the expression (1) known values of the axial load on the pile and ultimate bearing capacity allows us to formulate one of the two alternative, mutually exclusive judgments about the reliability of the pile. Thus the basic feature of the initial data -their random nature is ignored; both as regards the parameters of the external action and the characteristics of soil and the pile material. This can lead to the wrong conclusion on the reliability of the pile. A more reasonable estimate of reliability which takes into account the random nature of the original data and has a quantitative expression is a technique based on a probabilistic approach, possibility theory, the theory of fuzzy sets as well as their combinations [6-8, 10-14, 19-21, 23, 24] .
As a simple example of the use of such methods, consider a pile reliability quantitative assessment based on the strength criteria for piles of any type and based on the bearing capacity of soil foundation in the case of a friction pile.
The assessment of a pile load-bearing capacity by the strength criterion for the pile material
In the deterministic approach the condition of providing the necessary strength of a pile material is as follows [9] : 
where: Ф -the function of normal distribution (Laplace),
In general, when dealing with such problems function F is non-linear and the reliability assessment is carried out by various methods (linearization, statistical tests, etc.). In this example the function of random parameters
and has a normal distribution and its characteristics are determined in accordance with the rules laid down in the guidelines on probability theory for linear functions of normally distributed variables: It is known, however, that the correct use of probabilistic methods is associated with the presence of sufficiently complete statistical information on the basic random variables included in the mathematical models of limit states and loads. The lack of sufficient initial statistical information is the main reason of the emergence of the need to look for other (non-probabilistic) methods for uncertainties account. Since the 60s of the last century the various theories for the formal description of uncertainties began to develop intensively. In particular, the possibility theory developed by American mathematician Zadeh [12] and its further development in Dubois and Prada work [7, 13] were fairly widespread.
The result of its application is the interval estimate of reliability.
Note that interval estimations can be obtained on the basis of a probabilistic approach as well, but the interval resulting from this analysis quite roughly estimates the required probability in most cases [8, 14] .
Also a variety of combined techniques that allow the most complete account of the available information on the parameters are proposed. V.S. Utkin and N.S. Galaeva [25] proposed a method in which, depending on the availability of information, some variables are considered as random (in terms of probability theory) and others -as fuzzy ones (in terms of possibilities theory). 
Results and Discussion
The estimations of the probability of failure-free operation of a pile based on the strength condition and made by the probabilistic and combined methods are discussed below. When using the combined method the pile bearing capacity was considered a random variable, the load -a fuzzy variable. The comparison of the results of two approaches is given in Table 1 .
The evaluation of piles reliability with regard to the specific construction site does not introduce any fundamental changes in the technique and procedure of calculation under review.
As the initial data we will use the data of the example given in The calculation results are shown in Figures 1 and 2 in the form of dependences of probability of ensuring pile strength on the axial load average value (mathematical expectation) for the three types of concrete. The comparison of the results of probabilistic and combined approaches is given in Table 1 . The probability of ensuring required load-bearing capacity of a friction pile.
It is known that the piles are classified on the basis of interaction with the soil environment into two groups:
 pile-pillars that rely on rocky ground, and perceive the external axial load due to front resistance of the rock;  friction piles -resistance consists of two components: a) resistance forces arising due to the friction between the outer surface of the pile and the soil environment and b) front resistance force due to the interaction between the lower end of the pile and the soil environment [9] .The values of coefficients The procedure for quantitative assessment of bearing capacity by the ground is carried out in the same sequence as in the previous example. Function F which determines the bearing capacity is linear regarding random parameters To estimate the degree of relation between random variables R, f in Figure 5 there is a dependence f(R).You can see from the graph that the coupling equation with a sufficient degree of accuracy can be approximated by a linear dependence; therefore, a normalized correlation coefficient may be set equal to one.
To simplify the calculation the soil foundation is assumed to be homogeneous: The calculation results are shown in Figure 6 , which shows two dependencies: the probability of ensuring the bearing capacity by the pile material and by the foundation soil. The graph in Figure 6 shows the dependences of the probability of ensuring a given level of reliability by pile material strength and by soil material. The graph shows that with the load increase the probability of reliable operation of the pile decreases both by the soil strength criterion and by the pile material strength criterion. Table 2 shows the results of estimation by the foundation soil for a failure -free pile operation in two cases -in the first case loading and soil characteristics are represented by random variables and point probability estimation is given and in the second case loading is a fuzzy variable, and ground characteristics are random ones, i.e. a combined method giving the interval estimation is used. In all cases, the probabilistic estimations lie within the intervals. The comparison of pile load-bearing capacity calculations by the pile material and foundation soil allows for the following conclusion:
 from the two variants of load-bearing capacity estimations the bearing capacity by the soil is less favorable (with the exception of the medium axial loads of more than 1,400 kPa)
 the final load-bearing capacity estimation at adopted initial data is taken minimal.
The proposed method allows a quantitative assessment of the load-bearing capacity and reliability of a pile with incomplete information about the characteristics of the soil parameters and loads, as well as the considerable variation in the original data values. In the works of other authors such a possibility was not available until now. The deterministic approach used by other authors' results in a qualitative assessment only. The correct application of probabilistic methods giving a point result cannot always be realized due to lack of the initial information. In this situation the authors use the combined method in which the parameters of the problem are presented as fuzzy values [7, 12] and which gives a reliable interval assessment (Table 2) .
Conclusion
Thus, in this article the technique of quantitative assessment of piles reliability under incomplete initial information about the parameters of mathematical models is presented.
Presented in the article methods for a quantitative assessment of single piles reliability can be used for more complex computational models, including multielement pile foundations and more complex models of soil foundations.
These methods have not been applied to piles reliability research so far and the article presented is a pioneering one and has no analogues known to the authors.
